Four peach cultivars differing in their maturation time and sugar composition were analyzed for the detection of seasonal changes in the content of sugars in the flesh and peduncle, and in the activity of sucrose-metabolizing enzymes. Besides the accumulation of sucrose as a major sugar at the mature stage in all the cultivars, the fructose content was similar to glucose content in 'Akatsuki' and 'Yuzora'. While in 'Naganoyaseito-early' and 'Hokimomo' the fructose content was low. Of the enzymes assayed, there were no clear differences in the activity among the peach cultivars. In all the cultivars, the sucrose synthase (SS) activity increased with sucrose accumulation, suggesting the importance of its role in sucrose accumulation in peach fruit. On the contrary, the sucrose-phosphate synthase (SPS) activity did not increase with sucrose accumulation. The acid invertase activity decreased with fruit development. The decrease in the acid invertase activity appeared to reflect fruit maturation, during which sucrose accumulated. The UDPglucose pyrophosphorylase activity was also assayed in these peaches throughout the development of fruit. However, typical seasonal fluctuations of the activity were not observed among the four cultivars. Kinetic parameters of SS from immature and mature peach fruit suggested that SS tended to be involved in sucrose synthesis in the mature peach fruit compared with the immature one. The differences in sucrose synthesis between peach and other fruits were also discussed, based on the activities and properties of these enzymes.
Introduction
The sucrose content is low in young peach fruit, but rapidly increases to account for more than 70% of total soluble sugars at maturation (10) . This change reflects the change in the sucrose metabolism (16) . In the previous paper using only one peach cultivar ('Hakuto'), the sucrose synthase (SS) (E.C.2.4.1.13) activity was found to increase with maturation during which the sucrose content increased rapidly, while the sucrose-phosphate synthase (SPS) (E.C.2.4.1.14) activity which is assumed to play an important role in sucrose synthesis, remained low during maturation. On the contrary, the acid invertase (E.C.3.2.1.26) activity was relatively high at the early developing stage and decreased along with sucrose accumulation (10) . On the other hand, we reported that large quantities of sucrose accumulated during maturation in all the varieties including the early-and late-maturing ones, and in some varieties fructose also accumulated along with sucrose (11) . Moreover, in many plants (3, 6, 14, 19) , SS is known to be involved in sucrose cleavage rather than synthesis, while SPS is actively involved in sucrose synthesis (3, 19) . Thus, studies were carried out to determine whether the enzymes involved in sucrose accumulation in 'Hakuto' cultivar played the same role in other peach cultivars that differed in the maturation time and sugar composition. 
Sugar accumulation in fruit flesh
In all the cultivars examined, the sucrose content per g fresh weight which was low at the immature stage increased rapidly with fruit maturation, to finally account for 62-88% of total sugars (Fig. 1) . In 'Akatsuki' and 'Yuzora', the fructose content was similar to that of glucose, and showed the same pattern of change throughout the fruit development. On the contrary, the fructose content of 'Naganoyaseito-early' and 'Hokimomo' was low throughout the fruit development. These results coincided with those reported previously (11).
Changes of sugar content in peduncle
In all the cultivars, sorbitol was the main translocating sugar and the content per g fresh weight increased gradually with the fruit development (Fig. 2) . Glucose and fructose were also present in various amounts, and large amounts of sucrose was also detected.
3. Changes in SS and SPS activity SS activity which was high in immature fruits, decreased rapidly with fruit development (Figs. 3  and 4) . Its activity rose again along with sucrose accumulation, but to a lesser extent in ' Naganoyaseito-early' compared with `Akatsuki', 'Yuzora' and 'Hokimomo' . The SPS activity remained low throughout the development (Figs. 3  and 4) . Although the SPS activity in 'Akatsuki', ' Yuzora' and 'Hokimomo' increased slightly at the mature stage, the increase was not significant compared with that of the SS activity. In ' Naganoyaseito-early', the SPS activity remained constant throughout the fruit development. (Fig. 5) . When the data were expressed as the sum of the activity of the two types, the invertase activity was highest at the immature stage, then it rapidly decreased throughout the fruit development. In 'Yuzora' and 'Hokimomo', the acid invertase activity slightly increased at the mature stage and the activity in 'Hokimomo' 
Changes in UDPglucose pyrophosphorylase activity
UDPglocose pyrophosphorylase activity was highest among the enzymes examined (Fig. 6) . In all the cultivars, the UDPglucose pyrophosphorylase activity was highest at the immature stage, then it rapidly decreased, and slightly rose again along with fruit maturation except in the case of ' Naganoyaseito-early'. There were no differences in the pattern of activity among the four cultivars at all the developmental stages.
6. Kinetic parameters of partially purified SS from immature peach fruit Kinetic parameters of SS from immature peach fruit 'Hakuto' are investgated. For sucrose synthesis, the Km values were 4.3 and 0.029 mM for fructose and UDPglucose, respectively. For sucrose cleavage, the Km value was 5.3 or 0.03 mM each for sucrose or UDP (Table 1) .
Discussion
Sucrose was the major sugar that accumulated in all the cultivars, and its content rapidly increased along with fruit maturaiton. Sucrose accumulation was associated with the increase of the SS activity in all the cultivars. High SS activity at the early developmental stage may be considered as follows: 1) SS may act sucrose cleavage direction rather than sucrose synthesis direction, and the resultant UDPglucose may be used as the precursor of cell wall polysaccharides; 2) Sucrose synthesized by SS reaction may be easy to cleave through high acid invertase activity at this stage. At the mature stage, SS appeared to play an important role in sucrose accumulation in peach fruit, unlike SPS which displayed a weak activity with fluctuations frequently unrelated to the sucrose content. These observations were in agreement with previous results (10) . As SPS is a labile enzyme, careful extraction is essential (3). However, when the extraction procedures were compared in particular in the case of desalting methods, including ultrafiltration, gel filtration and dialysis, no significant differences were detected in terms of SPS activity among these methods (data not shown). Therefore, the values of SPS activity recorded in these experiments may not result from a loss of activity during the extraction method. It appears that sucrose was synthesized at the mature stage by the reaction of SS in all the peach cultivars studied regardless of the maturation time of fruit and the content of other sugars than sucrose.
In the peduncle tissues, the sorbitol content increased gradually with fruit development, and sorbitol was a major sugar at the mature stage. However, sucrose could also be detected to some extent, suggesting that sucrose is also an important translocating sugar in peach. It was assumed that sucrose itself translocated from the phloem may accumulate into the fruit flesh without affecting the fruit metabolism.
In peach fruit, the acid invertase was major type and the alkaline invertase was minor one (12) . The acid invertase activity which decreased with fruit development appeared to reflect fruit maturation, and facilitate sucrose accumulation. In Asian pear, the acid invertase activity also decreased with fruit maturation in inverse proportion to the sucrose accumulation (18) . Similar results were reported in sucrose-accumulating tissues (5, 7, 16, 17) .
UDPglucose pyrophosphorylase contributes to the synthesis of UDPglucose which is an important glucose donor in the synthesis of many carbohydrates such as sucrose, starch, cell wall polysaccharides and the precursors of the sugar nucleotides (2) . The higher activity in immature fruit may reflect the active synthesis of polysaccharides or sugar nucleotides. The resumption of the increase at the mature stage appeared to coincide with the requirement of UDPglucose as the substrate of sucrose synthesis by SS.
When the sucrose accumulation pattern was compared between peach and pear fruits, sucrose in peach fruit was mainly synthesized by SS. On the contrary, SPS in peach fruit did not play an important role in sucrose accumulation, although it is assumed to be the major sucrose-synthesizing enzyme (1) . On the other hand, in pear fruit which accumulated a large amount of sucrose, both SS and SPS activities increased along with sucrose accumulation. The SS and SPS enzymes appeared to play a major role in sucrose accumulation in pear fruit (unpublished data). Hubbard et al. (3) reported that SPS was also a major determinant of the sucrose content in muskmelon. In citrus fruit, the SS activity was high in the tissues involved in transport (vascular bundles and segment epidermis), while the SPS activity was high in the phloem-free sink tissue (juice sacs) (6) . These results suggest that SPS plays an important role in sucrose accumulation in juice sacs. Moreover, Yelle et al. (19) reported that SS was involved in sucrose cleavage in two tomato species which differed in the soluble solids level. Thus, the activity of SS and SPS for sucrose accumulation appears to vary among fruit species.
The kinetic parameters of SS purified from mature peach fruit 'Hakuto', indicated a high affinity of the fructose (Km; 4.8 mM) and UDPglucose (Km; 0.033 mM), substrates for sucrose synthesis (9) compared with a low affinity of the sucrose (Km; 62.5 mM). These results show that SS plays an important role in sucrose synthesis and accumulation in peach fruit. In immature peach fruit, the Km value for sucrose (Km; 5.3 mM) was smaller than that in mature peach, whereas the Km value for fructose or UDPglucose in immature peach was similar to that in mature one. These findings suggest that the accumulation of sucrose in immature peach fruit is lower than that in mature peach fruit. Consequently, immature peach fruit accumulated a large amount of hexose. When the kinetic parameters of SS were compared between mature peach and pear fruits, the Km value for sucrose (Km =11.2~16.3 mM) in mature pear fruit was smaller (about 1/4 -1/5 of mature peach fruit) than that of mature peach fruit. Sucrose cleavage in pear fruit appeared to occur more readily than in peach fruit, judging from the Km values for sucrose. The differences in the Km values for sucrose observed among mature peach and pear fruits may reflect the differences in the ratio of sucrose and hexose contained in both mature fruits. It was shown that pear fruit contained a large amount of hexose except for sucrose (4, 18) , while in peach fruit sucrose was the predominant sugar at the mature stage. To conclude, more detailed studies at the molecular level should be carried out to clarify the differences in the role played by SS and SPS in various fruits.
